(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 241 384 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

18.09.2002 Bulletin 2002/38 

(21) Application number: 02251434.3 

(22) Date of filing: 28.02.2002 



(51) lntC|7: F16J 15/32 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT Li LU 
MCNLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 13.03.2001 JP 2001070820 

(71 ) Applicant: Eagle Engineering Aerospace Co., Ltd. 
MInato-ku, Tokyo 105-8587 (JP) 



(72) Inventor: Kono, Toru 

c/o Eagle Engineering Aerospace Co.Ltd 
Sakado-shi, Saitama 350-0285 (JP) 

(74) Representative: Feaklns, Graham Allan et al 
Raworth Moss & Cook 
Raworth House 
36 Sydenham Road 
Croydon, Surrey CRO 2EF (GB) 



(54) Brush seal 

(57) A brush seal device includes means to enable 
only a brush seal (2) to be taken out from a brush seal 
device (1) if the brush seal has been abraded or if there 
occurs a change in design specification, and to attach 
another brush seal to the brush seal device precisely. A 
mounting portion (3) is formed in bristles. The mounting 



portion is removably attached to a pair of connecting 
portions (5) of a combinational unit, to which the mount- 
ing portion is securely fitted. The combinational unit is 
fastened by a removable coupling means (1 5). Thus, the 
combinational unit and the brush seal are assembled in 
a removable manner. 
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Description 

FiELD OF THE iNVENTiON 

[0001] The present invention relates to a brush seal s 
device that seals a gap between two component mem- 
bers moving relative to each other while separating 
them from each other More specifically, it relates to 
abrush seal device in which a brush seal can be at- 
tached and removed easily if there occurs a change in 
design specification, or a brush seal can be easily re- 
placed with a new one if the brush seal has been abrad- 
ed. 

BACKGROUND OF THE iNVENTION 

[0002] A brush seal device 100 shown in Fig. 14 is 
based on an art related to the present invention. 
[0003] Fig. 14 shows a cross-sectional view of the 
brush seal device 100 that Is designed to be mounted, 
for example, between a casing 1 40 and a rotor 1 30 of a 
steam turbine. Fig. 15 is an enlarged cross-sectional 
view of a brush seal 1 09 shown in Fig. 1 4. 
[0004] In Figs. 14 and 15, the brush seal 109 is inte- 
grated with a seal segment 110. The entire construction 
shown in Fig. 14 is the brush seal device 100. The seal 
segment 110 has labyrinth seals 111 on opposed sides 
of the brush seal 109. The brush seal 109 and the lab- 
yrinth seals 1 1 1 cooperate with the rotor 1 30 and thus 
seal a path between the circumferential ly extending cas- 
ing 1 40 and the rotor 1 30 in a turbine area of the steam 
turbine so as to prevent leakage of steam through the 
path. As a result, the efficiency of the steam turbine is 
prevented from lowering due to leakage of steam. 
[0005] The brush seal 109, which is effective in pre- 
venting leakage of steam through the path, is integrally 
fixed to the seal segment 110, which has com p Heatedly 
processed parts such as the labyrinth seals 111. Hence, 
as shown In Fig. 15, bristles 101 are sandwiched be- 
tween a back plate 102 and a retaining plate 103. The 
bristles 1 01 , the back plate 102, and the retaining plate 
1 03 are integrated by being welded at a welding portion 
1 04. The bristles 1 01 and outer peripheral faces of the 
back plate 102 and the retaining plate 103 are equal in 
diameter. 

[0006] As shown in the cross-sectional view of Fig. 1 5, 
the bristles 101 are stacked in a direction of application 
of the pressure of sealed fluid, agglomerated in a wall 
shape, and arranged along the circumferential direction. 
Thus, the bristles 1 01 are disposed between and welded 
to the back plate 1 02 and the retaining plate 1 03, so that 
the bristles 101, the back plate 102, and the retaining 
plate 103 constitute an integral unit. 
[0007] The bristles 101, which are large in number, 
cannot be easily welded to the back plate 102 and the 
retaining plate 103 while being positioned between 
them. The bristles 101 must face an outer peripheral 
face of the rotor 130 while protruding from an inner pe- 



ripheral end face of the back plate 1 02 by a preset dis- 
tance. Therefore, the operations of dimensioning and 
welding the bristles 101 are troublesome. 
[0008] Both the back plate 1 02 and the retaining plate 
103 are made from a material exhibiting high rigidity at 
high temperatures, such as a nickel alloy. Thus, the 
processing of the back plate 102 and the retaining plate 
1 03 orthe like tends to becostly In addition, the material 
for the back plate 102 and the retaining plate 103 is 
changed depending on the field to which the brush seal 
device 1 00 is applied specifically. In other words, the ne- 
cessity for a change In design specification arises every 
time the type of sealed fluid or the temperature to be set 
Is changed. 

[0009] Fig. 1 6 is a cross-sectional view of the brush 
seal device 1 00 according to still another related art. 
[001 0] The bristles 101 shown in Fig. 1 6 are substan- 
tially identical in construction to those shown in Fig. 15, 
except that the back plate 102 and the retaining plate 
103 are provided with mounting engagement portions 
1 06 so as to be mounted to the casing 140. The bristles 

101 have the welding portion 104 fonned between the 
back plate 102 and the retaining plate 103. Outer pe- 
ripheral end portions of the bristles 1 01 , the back plate 
1 02, and the retaining plate 1 03 are integrated by being 
welded at the welding portion 104. Therefore, the 
processing of the mounting engagement portions 106 
formed in the back plate 1 02 and the retaining plate 1 03 
or the like is complicated. Also, it is difficult to perform 
welding while precisely positioning the mounting en- 
gagement portions 1 06 formed in the back plate 1 02 and 
the retaining plate 103 and an inner free end face 105 
formed by the bristles 101 . 

[0011] The entire brush seal device 100 constructed 
as described above must be replaced with a new one If 
the brush seal 109 has been abraded. Therefore, it be- 
comes Inevitable to defray an enormous cost to manu- 
facture a large number of brush seal devices 100 and 
replace them with new ones. 

[0012] In the case of manufacturing a large number 
of brush seal devices 100 wherein the bristles 101, 
which are large in number, are disposed in a wall shape 
between the back plate 1 02 and the retaining plate 1 03 
and attached to them by welding a metal, it Is difficult to 
arrange the bristles 101 and attach them to the back 
plate 102 and the retaining plate 103. Furthennore, 
since the bristles 1 01 are integrated with the back plate 

1 02 and the retaining plate 1 03 by welding, a deteriora- 
tion in dimensional precision is caused. This leads to a 
problem of difficulties in mounting the brush seal devic- 
es 100 at right positions. 

[001 3] The present invention has been made in quest 
of asolutiontothe aforementioned problems. It is a tech- 
nical objective of the present Invention to reduce the 
manufacturing cost of a brush seal device by making it 
possible to simply replace a brush seal with a new one 
without the necessity of replacing a back plate and a 
retaining plate with new ones. 
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[001 4] It is another technical objective of the present 
invention to improve the mounting precision of a brush 
seal device at the time of replacement by making it pos- 
sible to simply replace a bmsh seal with a new one with- 
out the necessity of replacing a back plate and a retain- s 
ing plate with new ones. 

[0015] It is still another technical objective of the 
present invention to improve the manufacturing preci- 
sion of a brush seal device by allowing a brush seal to 
be removed from a back plate and a retaining plate. 
[0016] It is still another technical objective of the 
present invention to facilitate the distribution of compo- 
nent members by manufacturing only brush seals on a 
mass-production scale and reducing the number of back 
plates or retaining plates to be manufactured to a mini- 
mum required number. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made to 
achieve the aforementioned technical objectives. 
Means for solving the aforementioned problems are 

constructed as follows. 

[0018] A brush seal device according to a preferred 
embodiment of the present invention has bristles that 
are attached to one of component members moving rel- 
ative to each other while being spaced from each other 
and that have free end faces opposed to a counter face 
of the other component member so as to seal a gap be- 
tween the component members. This brush seal device 
has a mounting portion, a back plate portion, a retaining 
plate portion, and coupling means. The mounting por- 
tion is designed to fix one end column portion composed 
of the bristles that are arranged in a wail shape. The 
back plate portion has one connecting portion that is re- 
movably engaged with and securely fitted to the mount- 
ing portion and a supporting surface that supports the 
bristles when a pressure of sealed fluid is applied there- 
to. The retaining plate portion makes a pair with the back 
plate portion and has the other connecting portion that 
is removably engaged with and securely fitted to the 
mounting portion. The coupling means is designed to 
removably fasten the backplate portion and the retaining 
plate portion while sandwiching the mounting portion 
between the back plate portion and the retaining plate 
portion. 

[001 9] The brush seal device according to the present 
invention Is designed such that the mounting portion 
connected to the bristles is removably fitted and secured 
to the connecting portions so as to position the brush 
seal. Therefore, even if slight deformation is caused in 
the mounting portion, it can be corrected by the connect- 
ing portions. As a result, the brush seal device can be 
dimensioned in such a manner as to be positioned pre- 
cisely. 

[0020] If the brush seal has been abraded, it can be 
disassembled by releasing the coupling means and can 
be replaced with a new one. Thereby it becomes possi- 



ble to guarantee the sealing perfomiance. 
[0021] In addition, there is no need to manufacture a 
large number of back plate portions and retaining plate 
portions . Therefore, even if the back plate portion orthe 
retaining plate portion is made from an expensive ma- 
terial, it can be adapted to a material having the same 
themnal expansion coefficient as one of the component 
members to which it is attached. Also, no abnormal de- 
formation occurs in a region where the back plate por- 
tion or the retaining plate portion is attached and fitted 
to a con-esponding one of the component members. 
Therefore, it becomes possible to enhance the mount- 
ing precision. 



15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is a cross-sectional view of a brush seal de- 
20 vtee according to a first preferred embodiment of the 
present invention. This cross-sectional view shows 
a state In which the brush seal device Is mounted 
between a casing and a rotational shaft. 
Fig. 2 is a cross-sectional view of the brush seal de- 
25 vice shown in Fig. 1. This cross-sectional view 
shows a state in which the brush seal device has 
been disassembled Into its component members. 
Fig. 3 is a cross-sectional view of a brush seal de- 
vice according to a first embodiment of the present 
30 invention. 

Fig. 4 is a cross-sectional view of a brush seal de- 
vice according to a second embodiment of the 
present invention. 

Fig. 6 is a cross-sectional view of a brush seal de- 
35 vice according to a third embodiment of the present 

invention. 

Fig. 6 is a cross-sectional view of a brush seal de- 
vice according to a fourth embodiment of the 
present invention. 
40 Fig. 7 is a cross-sectional view of a brush seal de- 
vice according to a fifth embodiment of the present 
invention. 

Fig. 8 is a cross-sectional view of a brush seal de- 
y\ce according to a sixth embodiment of the present 
45 invention. 

Fig. 9 is a cross-sectional view of a brush seal de- 
vice according to a seventh embodiment of the 
present invention. 

Fig. 1 0 is a cross-sectional view of a brush seal de- 
50 vice according to an eighth embodiment of the 

present invention. 

Fig. 11 is a cross-sectional view of a brush seal de- 
vice according to a ninth embodiment of the present 
invention. 

55 Fig. 1 2 Is a cross-sectional view of a brush seal de- 
vice according to a tenth embodiment of the present 
invention. 

Fig. 1 3 is a cross-sectional view of a brush seal de- 
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vice according to an eleventh embodiment of the 
present Invention. 

Fig. 14 is a cross-sectional view of a brush seal de- 
vice according to a related art. 
Fig. 15 is an enlarged cross-sectional view of the 
brush seal device shown in Fig. 14. 
Fig. 1 6 Is a cross-sectional view of a baish seal de- 
vice according to another related art. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Hereinafter, brush seal devices according to 
embodiments of the present invention will be described 
in detail with reference to the drawings. 
[0024] Fig. 1 is a cross-sectional view of a brush seal 
device 1 according to the first preferred embodiment of 
the present Invention. This cross-sectional view shows 
a state in which the bmsh seal device 1 is mounted in a 
channel 55 of a casing 50 between the casing 50 and a 
rotational shaft 60. Fig. 2 is a cross-sectional view of the 
brush seal device 1 shown in Fig. 1 . This cross-sectional 
view shows a state in which the bmsh seal device 1 has 
been disassembled into its component members. 
[0025] The brush seal device 1 is shown in Fig. 1 . The 
brush seal device 1 is fitted, for example, in the channel 
55 of the casing 50, which Is a part of a gas turbine, 
[0026] A first stopper 56 and a second stopper 57 are 
formed on opposed side faces of the channel 55. The 
first and second stoppers 56, 57 engage the guide por- 
tions 8, 9 of the brush seal device 1 respectively, thus 
preventing the brush seal device 1 from being displaced 
by more than a predetermined distance. The brush seal 
device 1 serves as a partition in a hydraulic-fluid path in 
the casing 50 and Is designed to insulate a high-pres- 
sure area 51 and a low-pressure area 52 from each oth- 
er. 

[0027] As shown in Fig. 2, the brush seal device 1 is 
mainly composed of a brush seal 2, a back plate portion 
6, a retaining plate portion 10, and a coupling means 15. 
The brush seal 2 is mainly composed of bristles 4 and 
a mounting portion 3. The bristles 4 are fomned by bind- 
ing a multitude of steel wires into bundles and disposing 
the bundles in a wall shape In the circumferential direc- 
tion. The mounting portion 3 is fornied by integrally con- 
necting outer peripheral end portions of the wall-shaped 
bristles 4 via parts on the opposed sides as shown in 
Fig. 2. In addition, the mounting portion 3 is formed in 
such a shape that it can be mounted between the back 
plate portion 6 and the retaining plate portion 10. 
[0028] The mounting portion 3 is formed In a simple 
shape and thus can be mounted to a combinational unit 
20 precisely. Even if the mounting portion 3 is deformed, 
it is fitted and applied to a pair of connecting portions 5. 
The connecting portions 5 correct slight deformation of 
the mounting portion 3, thus ensuring that the mounting 
portion 3 is positioned precisely. For instance, even in 
the case where the bristles 4 are connected by welding, 
subtle deformation or the like of the mounting portion 3 



resulting from welding heat is corrected due to a con- 
struction in which the mounting portion 3 is mounted to 
the connecting portions 5. As a result, the mounting por- 
tion 3 is mounted precisely. 

5 [0029] One of the connecting portions 5A is fonned in 
a side face of the back plate portion 6. The connecting 
portion 5A is in the shape of a plate and engages the 
mounting portion 3. In addition, a supporting surface for 
supporting a fluid pressure applied from the high-pres- 

10 sure area 51 to the bristles 4 is formed on the other side 
face of the back plate portion 6, namely, on the side face 
opposed to the bristles 4. 

[0030] Still further, the first guide portion 8 that is se- 
curely engaged with the first stopper 56 of the casing 50 

15 is formed on the other side of the supporting surface 7. 
A plurality of mounting holes 1 6 for mounting flat-head- 
ed screws 15A acting as the coupling means 15 are ar- 
ranged at equal intervals in an outer peripheral end por- 
tion. Locking nuts 14 prevent the flat-headed screws 

20 15A from loosening. 

[0031] The other connecting portion 5B is formed in 
the retaining plate portion 1 0 that is mounted in such a 
manner as to face the back plate portion 6. The other 
connecting portion 5B engages a counter side face of 

25 the retaining plate portion 10 in such a manner as to 
con^espond to the mounting portion 3. Furthemiore, a 
recessed surface 1 1 spaced from the bristles 4 is fonned 
on the counter side face. 

[0032] The second guide portion 9 is fonned in the 
30 side face opposed to the counter side face. Counter- 
bores 1 8 and mounting threaded-holes 1 7 for mounting 
the flat-headed screws 15A acting as the coupling 
means 1 5 are formed at positions corresponding to the 
mounting holes 16. 
35 [0033] It is preferable that the combinational unit 20 
composed of the back plate portion 6 and the retaining 
plate portion 10 be made from a nickel-based alloy. 
However, another material such as iron, steel, or a non- 
ferrous alloy can also be selected depending on the con- 
40 ditlons regarding the field of application, such as the 
type of sealed fluid and the temperature. In addition, it 
is also necessary to select an appropriate material de- 
pending on the thermal expansion coefficient of the cas- 
ing 50. 

45 [0034] The bristles 4 are made from steel wires, nick- 
el-based alloy wires, ceramic wires, or the like. For In- 
stance, the bristles 4 as one embodiment of the present 
invention have a diameter ranging from 0.05mm to 
0.51mm and a length ranging from 5mm to 50mm. In 

50 addition, the bristles 4 have a reduced width ranging 
from 0.51mm to 3.81mm. 

[0035] It is appropriate that the material for the mount- 
ing portion 3 have a greater thermal expansion coeffi- 
cient (linear expansion coefficient) than the material for 
55 the combinational unit 20. This aims at press-fitting the 
combinational unit 20 through expansion of the mount- 
ing portion 3, stabilizing a fixing force applied to the 
mounting portion 3, and applying a tensile force to the 
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coupling means 15. 

[0036] It Is preferable that the nnountlng portion 3 be 
made from a material with a great linear expansion co- 
efficient, for example, from a cadmium alloy, an alumi- 
num alloy, or chrome steel. The mounting portion 3 is 
made from a shape-memory alloy and has a U-shaped 
cross-section with a slightly narrowed opening. The end 
portions of the bristles 4 are held in a U-shaped groove 
of the mounting portion 3 . There is also an embodiment 
In which the mounting portion 3 is designed to press-fit 
a U-shaped connecting portion on opposed sides of the 
combinational unit 20 in response to a rise in tempera- 
ture of the mounting portion 3. Thus, the mounting por- 
tion 3 can be connected to the combinational unit 20 and 
sandwich the bristles 4 In Its opening. 
[0037] Furthermore, the coupling means 15 fastens 
and sandwiches the brush seal 2 from opposed sides of 
the combinational unit 20, which is composed of the 
back plate portion 6 and the retaining plate portion 1 0. 
The coupling means 15 is designed as the flat-headed 
screws 15A. It Is preferable that the flat-headed screws 
15A be made from a material with a small linear expan- 
sion coefficient. For instance, the flat-headed screws 
15A are made from steel, preferably from tungsten steel 
or molybdenum steel. 

[0038] I n general, the lower the melting point of metal 
becomes, the greater the linear expansion coefficient 
thereof becomes. Therefore, a metal having a low melt- 
ing point is preferred as the mounting portion 3. The 
higher the melting point of metal becomes, the smaller 
the linear expansion coefficient thereof becomes. 
Therefore, a metal having a high melting point is pre- 
ferred as the coupling means 15. 
[0039] In consideration of the relation between linear 
expansion coefficient con^esponding to melting point 
and the properties of sealed fluid, materials for the cou- 
pling means 1 5, the mounting portion 3, and the like are 
selected. 

[0040] The bmsh seal device 1 constructed as de- 
scribed above is assembled as shown in Fig. 1 . That is, 
the mounting portion 3 of the brush seal 2 is engaged 
with one of the connecting portions 5A of the back plate 
portion 6 as well as the other connecting portion 5B of 
the retaining plate portion 1 0 and is thereby sandwiched 
between the connecting portions 5A, 5B. The flat-head- 
ed screws 15A are screwed into the mounting threaded- 
holes 1 7, fastened, and integrated with them. The lock- 
ing nuts 14 prevent the flat-headed screws 15A from 
loosening. 

[0041 ] This assembling operation is carried out easily. 
That is, the mounting portion 3 of the bristles 4 Is re- 
tained by being engaged with one of the connecting por- 
tions 5A of the back plate portion 6. The other connect- 
ing portion 5B of the retaining plate portion 10 is dis- 
posed opposite the mounting portion 3 and engaged 
with it. Thus, the mounting portion 3 is sandwiched be- 
tween the connecting portions 5A, 5B. By fastening the 
mounting portion 3 by means of the flat-headed screws 



15A, the assembling operation is completed. The brush 
seal device 1 is then mounted to the casing 50 and is 
thus positioned precisely with respect to the rotational 
shaft 60. 

5 [0042] Free ends 19 of the bristles 4 are disposed in 
contact with or contiguous to the rotational shaft 60 so 
as to seal seated fluid in the high-pressure area 51 . 
[0043] Fig. 3 is a cross-sectional view of a brush seal 
device according to the first embodiment of the present 

10 invention. The brush seal 2 shown in Fig. 3 is similar in 
construction to the brush seal 2 shown In Fig. 1. The 
back plate portion 6 shown in Fig. 3 is substantially Iden- 
tical in shape to the back plate portion 6 shown in Fig. 

I except that the first guide portion 8 is not provided. In 
IS addition, the retaining plate portion 10 is formed with a 

reduced length. That is, the side of the recessed surface 

II of the retaining plate 1 0 Is cut off. The retaining plate 
portion 10 is formed in such a shape that sealed fluid 
directly acts on the bristles 4. 

20 [0044] The mounting portion 3 of the brush seal 2 thus 
constructed Is made from chrome steel. The bundie-like 
bristles 4 are sandwiched between the halves of the 
mounting portion 3. The mounting portion 3 is engaged 
with the connecting portions 5 of the back plate portion 

25 6 and the retaining plate portion 1 0 and is sandwiched 
between them. The flat-headed screws 1 5A made from 
tungsten steel are then screwed into the mounting 
threaded-holes 1 7 and fastened, so that all the compo- 
nent members are integrated. The locking nuts 14 pre- 

30 vent the flat-headed screws 1 5A from loosening. It is to 
be noted herein that the component members shown in 
Figs. 4 to 13 correspond to those shown in Fig. 1 . 
[0045] Fig. 4 is a cross-sectional view of the brush 
seal device 1 according to the second embodiment of 

35 the present Invention. The brush seal 2, the back plate 
portion 6, and the retaining plate portion 10 shown in 
Fig. 4 are substantially identical in construction to the 
brush seal 2, the back plate portion 6, and the retaining 
plate portion 10 shown in Fig. 3, respectively. The 

40 mounting threaded-holes 17 are fonned In the back 
plate portion 6. The mounting holes 1 6 are fonned in the 
retaining plate portion 1 0. Hexagon socket head screws 
15B are screwed into the mounting threaded-holes 17 
and fastened, whereby the component members con- 

45 structed as described above are assembled into an in- 
tegral unit. 

[0046] Fig. 5 is a cross-sectional view of the brush 
seal device 1 according to the third embodiment of the 
present invention. The construction shown in Fig. 5 is 

50 substantially identical to the construction shown in Fig. 
4 except the brush seal device 1 and the coupling means 
15. In the brush seal device 1 shown in Fig. 5, the cou- 
pling means 15 is fastened by a wire 15W. That is, 
through-holes 22 are formed at equal intervals in outer 

55 peripheral end portions of the retaining plate portion 10 
and the back plate portion 6. The wire 15W is passed 
through the through-holes 22 and tied up, whereby the 
coupling means 15 is fastened. The brush seal device 
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1 is disassembled Into Its component members by cut- 
ting the wire 15W. The component members are again 
fastened by the wire 15W so as to be assembled into 
the brush seal device 1 . 

[0047] Fig. 6 is a cross-sectional view of the brush s 
seal device 1 according to the fourth embodiment of the 
present invention. The constmction shown in Fig. 6 is 
substantially identical to the construction shown In Fig. 

5 except the wire 1 5W. The through-holes 22 shown in 
Fig, 6 have a larger diameter than the through-holes 22 
that are arranged at equal intervals In the outer periph- 
eral end portions shown in Fig. 5. A knock pin 15P is 
implanted in the through-holes 22 shown in Fig. 6, 
whereby the brush seal 2 is sandwiched between the 
back plate portion 6 and the retaining plate portion 10. 
Thus, the brush seat 2, the back plate portion 6, and the 
retaining plate portion 10 are integrated. 
[0048] Wedge-shaped notches 23 are arranged at 
equal intervals along an outer periphery of a joint sur- 
face between the back plate portion 6 and the retaining 
plate portion 1 0. The back plate portion 6 and the retain- 
ing plate portion 10 can be separated from each other 
easily by implanting wedges in the notches 23. 
[0049] The back plate portion 6 and the retaining plate 
portion 1 0 can be connected in such a manner as to 
clamp the bristles 4 through implantation of the pin 15P 
fixed to the back plate portion 6 or the retaining plate 
portion 10. 

[0050] Fig. 7 is a cross-sectional view of the brush 
seal device 1 according to the fifth embodiment of the 

present invention. 

[0051] In the brush seal device 1 shown in Fig. 7, the 
back plate portion 6 has an L-shaped cross-section. 
While the retaining plate portion 1 0 having a rectangular 
cross-section is fitted to an inner peripheral face 6A of 
the back plate portion 6, the brush seal 2 is sandwiched 
between the back plate portion 6 and the retaining plate 
portion 10. A snap ring 15S for holes Is in engagement 
with a stop groove 12 that is formed in the inner periph- 
eral face 6A of the back plate portion 6 so as to prevent 
the retaining plate portion 10 from being disengaged 
from the inner peripheral face 6A. 
[0052] The snap ring 15S can be removed easily by 
being reduced in diameter toward the inner periphery. 
Therefore, it becomes possible to replace the brush seal 

2 with another one. By engaging the mounting portion 

3 of the brush seal 2 with the connecting portions 5 and 
hooking the snap ring 15S In the stop groove 12, a 
brand-new brush seal 2 can be attached to the brush 
seal device 1 easily. 

[0053] Fig. 8 is a cross-sectional view of the brush 
seal device 1 according to the sixth embodiment of the 
present invention. 

[0054] The brush seal 2, the back plate portion 6, and 
the retaining plate portion 10 shown in Fig. 8 are sub- 
stantially identical in construction to those shown in Fig. 

6 except that the through-holes 22 are dispensed with. 
[0055] Outer peripheral portions of the combinational 



unit 20 sandwiching the brush seal 2 are connected by 
couplers 25 having a U-shaped cross-section. A caulk- 
ing portion 26 at an inner peripheral end of the coupler 
25 is caulked onto a caulking slope 24 of the retaining 
plate portion 10 and hooked, whereby the couplers 25 
are fastened. The couplers 25 are arranged at equal in- 
tervals along the outer periphery. 
[0056] in the case where the brush seal 2 is of a split 
type, it is obviously appropriate to fomi the couplers 25 
into the shape of a ring, retain the outer periphery of the 
combinational unit 20 by the couplers 25, and caulk the 
couplers 25 onto the combinational unit 20 as described 
above. 

[0057] Fig. 9 is a cross-sectional view of the brush 
seal device 1 according to the seventh embodiment of 
the present invention. 

[0058] The construction shown in Fig. 9 is substan- 
tially identical to the construction shown in Fig. 1 except 
the brush seal device 1 and the coupling means 15. In 
Fig. 9, flat-headed screws 15D are screwed into the 
mounting threaded-holes 17 fomied in the back plate 
portion 6 to connect the back plate portion 6 and the 
retaining plate portion 10 together. The mounting holes 
1 6 are fomned in the retaining plate portion 1 0. The flat- 
headed screws 15D are passed through and screwed 
into the mounting threaded-holes 1 7 formed in the back 
plate portion 6. 

[0059] Fig. 1 0 is a cross-sectional view of the brush 
seal device 1 according to the eighth embodiment of the 
present invention. 

[0060] The brush seal device 1 shown in Fig. 10 is 
substantially Identical in construction to the brush seal 
device 1 shown in Fig. 9 except the coupling means 15. 
The coupling means 15 shown in Fig, 10 is designed to 
fasten the combinational unit 20 by means of bolts 15C 
and nuts 13. This fastening operation is designed such 
that the bolts 1 5C made from tungsten steel are screwed 
into both the mounting threaded-holes 17 and the nuts 
13 so as to clamp and lock the combinational unit 20. 
The method of fastening the brush seal device 1 is de- 
signed such that the combinational unit 20 is fastened 
securely by means of bolts 1 5c. This method is adopted, 
for example, if the brush seal device 1 is large in size. 
[0061] Fig. 11 is a cross-sectional view of the brush 
seal device 1 according to the ninth embodiment of the 
present invention. 

[0062] In the brush seal device 1 shown in Fig. 1 1 , the 
flat-headed screws 15A made from molybdenum steel 
are used instead of the bolts 15C shown in Fig. 10 so 
as to fasten the combinational unit 20 . In this case as 
well, it is possible to tightly fasten connecting surfaces 
of the combinational unit 20. In fitting the brush seal de- 
vice 1 according to the eighth or ninth embodiment of 
the present invention to the casing 50, head portions of 
the bolts 15C and the nuts 13 can be used as guides. 
[0063] Fig. 12 is a cross-sectional view of the brush 
seal device 1 according to the tenth embodiment of the 
present invention. 
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[0064] The brush seal device 1 shown in Fig. 12 Is 
substantially identical in construction to the brush seal 
device 1 shown in Fig. 11 except the coupfing means 
15. The coupling means 15 Is designed such that two 
semicircular rings having a U-shaped cross-section are 
interlocked with each other and that some caulking por- 
tions 26 on the Inner peripheral side are cauiked onto 
and fastened to the caulking slope 24 of the combina- 
tional unit 20. The number of the caulking portions 26 
that are arranged at equal intervals to be caulked Is 
three or four. Therefore, if the caulking portions 26 are 
chipped off by a chisel, the combinational unit 20 is dis- 
assembled. As a result, if the brush seal 2 has been 
abraded, it can be replaced with a new one. 
[0065] Fig. 13 is a cross-sectional view of the brush 
seal device 1 according to the eleventh embodiment of 
the present invention. 

[0066] The brush seal device 1 shown in Fig. 13 is 
substantially Identical in construction to the brush seal 
device 1 shown In Fig. 3 except the coupling means 15. 
The coupling means 1 5 is fastened by rivets 1 5R, which 
are made from stainless steel, aluminum, copper, or the 
like. The combinational unit 20 can be disassembled 
easily by cutting off easily-processible caulked head 
portions 15RH of the rivets 15R by drilling and milling. 
[0067] Reassemblage of the combinational unit 20 Is 
completed by caulking the rivets 15R while the brush 
seal 2 is sandwiched by the combinational unit 20, 
Therefore, there is no need to weld and secure the bris- 
tles 4 to the combinational unit 20 every time assem- 
blage of the combinational unit 20 is carried out. Further, 
since the combinational unit 20 can be recycled, the 
mounting operation can be performed con^ectly with 
constant dimensional accuracy. 
[0068] Other preferred embodiments of the present 
invention will now be described. 
[0069] The brush sea! device 1 according to the sec- 
ond preferred embodiment of the present invention is 
fomied such that the mounting portion 3 is fixed to the 
pair of the connecting portions 5 and that the bristles 4 
on the side of the mounting portion 3 are engaged with, 
sandwiched between, and retained by the back plate 
portion 6 and the retaining plate portion 10. 
[0070] The brush seal device 1 according to the sec- 
ond preferred embodiment of the present invention is 
designed such that the mounting portion 3 integrated 
with the bristles 4 is fixed by the connecting portions 5 
from opposed sides and that the bristles 4 are retained 
at their roots by the back plate portion 6 and the retaining 
plate portion 10. Therefore, the brush seal 2 can be 
mounted easily and cannot be displaced or defonned 
easily even if it is exposed to the pressure of sealed fluid. 
Moreover, it is appropriate that the mounting portion 3 
be engaged with the back plate portion 6, sandwiched 
between the back plate portion 6 and the retaining plate 
portion 10, retained by the retaining plate portion 10, and 
fastened by the coupling means 1 5. Therefore, whether 
the brush seal 2 is of an integral type or a split type, the 



mounting portion 3 can be mounted precisely. 
[0071] The brush seal device 1 according to the third 
preferred embodiment of the present invention is de- 
signed such that the coupling means 1 5 is composed of 
5 fastening bolts and is made from a material having a 
smaller thermal expansion coefficient than the material 
for the back plate portion 6 and the retaining plate por- 
tion 10. 

[0072] The brush seal device 1 according to the third 
10 preferred embodiment of the present invention is mount- 
ed in a gas turbine or the like. Even if the back plate 
portion 6 and the retaining plate portion 1 0 are thennally 
expanded, their slackness can be tightened because 
the material for the coupling means 15 has a smaller 
15 thermal expansion coefficient than the material for the 
back plate portion 6 and the retaining plate portion 10. 
[0073] The brush seal device 1 according to the fourth 
preferred embodiment of the present invention is de- 
signed such that the material for the mounting portion 3 
20 has a greater thermal expansion coefficient than the ma- 
terial for the back plate portion 6 and the retaining plate 
portion 1 0. 

[0074] The brush seal device 1 according to the fourth 
preferred embodiment of the present invention is de- 

25 signed such that the material for the mounting portion 3 
has a greater themnal expansion coefficient than the ma- 
terial for the back plate portion 6 and the retaining plate 
portion 1 0. Therefore, even if the temperature rises, the 
mounting portion 3 is press-fitted to the back plate por- 

30 tion 6 and the retaining plate portion 1 0 so that the brush 
seal 2 is prevented from being slackened. As a result, 
the mounting position of the brush seal 2 canbe prevent- 
ed from becoming discordant with the mounting posi- 
tions of other component members (e.g., the rotational 

35 shaft 60). 

[0075] In the brush seal device according to the 
present invention, the mounting portion of the brush seal 
is securely fitted to the connecting portion of the back 
plate portion and the connecting portion of the retaining 

40 plate portion, and is connected to them by means of the 
coupling means, which is removably designed. There- 
fore, if the brush seal has been abraded, it can be re- 
placed easily with a new one by releasing the coupling 
means. Besides, since the mounting portion is securely 

45 fitted, the brush seat can be positioned precisely. The 
brush seal device according to the present Invention 
achieves this effect. 

[0076] Further, since the combinational unit and the 
brush seal can be removed from each other, the combi- 

50 national unit can be designed in such a manner as to be 
adapted to the type of the material from which the casing 
Is made and the conditions concerning heat, corrosion, 
and the like. At the same time, the brush seal can be 
designed in such a manner as to improve the overall 

55 performance under conditions different from those for 
the combinational unit. The brush seal device according 
to the present invention achieves this effect. 
[0077] In addition , since the bristles and the mounting 
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portion are a combination of single articles, they can be 
connected to each other mechanically. When they are 
connected, no Inconvenience based on welding heat or 
the like is caused. Even if slight defomnatlon Is caused 
in the bristles and the mounting portion, it is corrected 
by the connecting portions. In addition, the construction 
in which only the brush seal can be replaced malces it 
unnecessary to replace the combinational unit, which is 
expensive. Therefore, the cost of the combinational unit 
can be reduced. The brush seal device according to the 
present invention achieves this effect. 
[0078] Still further, the construction In which the 
mounting portion of the bmsh seal is engaged precisely 
with the pair of the connecting portions so as to assem- 
ble the brush seal device ensures that the mounting por- 
tion and the connecting portions are positioned precise- 
ly and that there is no need to replace the combinational 
unit. Therefore, the brush seal and the rotational shaft 
can also be positioned precisely as a matter of course. 
As a result, the mounting operation and replacement of 
the brush seal can be performed easily. 
[0079] Further, if the brush seal device of the present 
invention is applied to a gas turbine or the like, the cou- 
pling means is slackened owing to themnal effects. How- 
ever, slackness between the component members can 
be prevented effectively because one of them generates 
a pressing force due to a difference in themnal expan- 
sion coefficient. 



Claims 

1. A brush seal device having bristles that are at- 
tached to one of component members moving rel- 
ative to each other while being spaced from each 
other and that have free end faces opposed to a 
counter face of the other component member so as 
to seal a gap between the component members, 
comprising: 

a mounting portion for fixing one end column 
portion composed of said bristles that are ar- 
ranged in a wall shape; 
a back plate portion having one connecting 
portion that is removably engaged with and se- 
curely fitted to said mounting portion and a sup- 
porting surface that supports said bristles when 
a pressure of sealed fluid is applied thereto; 
a retaining plate portion making a pair with said 
back plate portion and having the other con- 
necting portion that is removably engaged with 
and securely fitted to said mounting portion; 
, and 

coupling means for removably fastening said 
back plate portion and said retaining plate por- 
tion while sandwiching said mounting portion 
between said back plate portion and said re- 
taining plate portion. 



2. A brush seal device according to claim 1 , wherein 
said mounting portion is fixed to said one con- 
necting portion and said other connecting portion, 
and 

5 the bristles on the side of the mounting portion 

are fonned in such a shape as to be engaged with, 
sandwiched between, and retained by the back 
plate portion and the retaining plate portion. 

10 3. A brush seal device according to claim 1 or 2, 
wherein 

said coupling means is composed of fasten- 
ing bolts and is made from a material having a 
smaller thennal expansion coefficient than a mate- 
15 rial for said back plate portion and said retaining 
plate portion. 

4. A brush seal device according to claim 2 or 3, 
wherein 

20 said mounting portion is made from a material 

having a greater thennal expansion coefficient than 
a material for said back plate portion and said re- 
taining plate portion. 
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